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ABSTRACT
The aim of the study is to develop a scoring system for dairy farms in order to give specific
information about the product and production process of milk. The scoring system, based on a
multi-dimensional approach, was developed on the basis of data collected in 29 Italian dairy
farms and included different aspects. For the evaluation of animal welfare, a selection of indica-
tors set up in the European ProjectVR assessment protocol for cattle 2009 was used.
Environmental sustainability of milk production was assessed by a cradle-to-farm-gate Life Cycle
Assessment. Laboratory analyses were carried out on bulk tank milk to evaluate microbiological,
nutritional and nutraceutical quality. Nineteen variables were selected and retained to define six
quality aspects: animal welfare, environmental and economic sustainability of farms, microbio-
logical, nutritional and nutraceutical quality of milk. Each farm was visited twice; each visit
received, for each variable, a score between 1 and 3 based on the frequency distribution of that
variable in the farm sample. The relation among farm characteristics and quality aspects showed
the importance to maximise dairy efficiency to improve environmental and economic sustainabil-
ity of the farms and the inclusion of hay in dairy cows’ ration to enhance the nutraceutical and
nutritional quality of milk. The proposed multi-dimensional scoring system is a practical tool: for
the farmer, to support decisions for improving the quality of the product and the productive
process; for the dairy company, as a value-added opportunity; for the consumer, who receives
detailed information about nutritional characteristics and production system of dairy products.
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Introduction
The agri-food sector has an important economic role
at European and Italian level with important cultural,
social and health implications.
The Lombardy region, Northern Italy, covers the 43%
of the Italian milk production, the 50% of Lombardy
milk being used for the production of Protected
Designation of Origin (PDO) cheeses (Clal 2014).
The choice of the consumer is led by different
needs, based on economic availability, culture and tra-
ditions; generally, the European consumer requires a
good, nutrient and safe product.
The concept of quality related to animal and vege-
table food products is very large, because it can be
defined according to both objective scientific and
technological criteria and to subjective criteria, based
on consumers’ judgments. According to Giusti et al.
(2008) food quality definition includes: organoleptic
and sensory attributes, food safety, nutritional value,
functionality, service, stability, wholesomeness and
psychological factors.
Starting from the large definition of food quality it
is important, from a scientific point of view, to identify
some measurable parameters able to quantify the
quality level in a more precise way. This is useful, for
instance, to make a comparison among foods of the
same category and to monitor food preservation.
The demand for assurance schemes of high-quality
animal products has been increasing over the last few
decades, not only in terms of product attributes
(health, safety, nutrition and sensory attributes), but
also of ethical aspects (environmental sustainability
and animal welfare) that involve the whole production
process (Bredhal et al. 2001; Broom 2010).
In response to this demand, 129 public and pri-
vate sustainability-related food information schemes
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have been identified by a survey carried out by the
European Commission and are available at EU or
national level (Grunert et al. 2014). The objective of
these schemes is to increase transparency along the
food chain and inform the consumer in a way that
can promote sustainable consumption (Grunert
et al. 2014). Informed choice, such as in the case
of nutrition labelling, is hoped to empower people
to consume more sustainably (European Commission
2008).
Among ethical concerns, the welfare of animals has
increased significantly in the last decades in many
European states and beyond (Buller 2013), and spe-
cies-specific protocols for on-farm welfare assessment
are presently a major objective worldwide and for the
EU agricultural policy (Blokhuis et al. 2013). A protocol
for on-farm welfare evaluation of dairy cattle has been
recently developed in the European Project Welfare
QualityVR (Blokhuis et al. 2013).
The environmental sustainability of animal prod-
ucts is of great concern worldwide; many studies
were carried out in order to calculate the environ-
mental impact of milk production in Italy (Guerci
et al. 2013; Bava et al. 2014; Pirlo et al. 2014) and in
other countries (Del Prado et al. 2013; Roer et al.
2013). The Life Cycle Assessment (LCA) is the most
frequently used method to assess environmental sus-
tainability throughout the estimation of different
environmental impact categories. All the upstream
processes (e.g. feed production, purchasing of con-
centrate feed, barn management, slurry storage and
spreading, etc.) are usually included in the system
boundaries (IDF 2015). The aim of this kind of evalua-
tions is to quantify environmental impacts linked to a
production process and to identify the hot spot of
the process, which could be improved to mitigate
the impacts.
As for milk quality, the main topics involve micro-
biological, nutritional and nutraceutical aspects.
Raw milk harbours a complex microbial community
including bacteria of technological relevance such as
the lactic acid bacteria (LAB), which can contribute to
subsequent desirable fermentative reactions (Quigley
et al. 2013). Differently, a prevalent presence of spoil-
age bacteria can have considerable negative effects on
the quality of milk and dairy products (Decimo et al.
2014). Moreover, late blowing caused by the out-
growth of clostridial spores present in raw milk,
can create considerable product loss, especially in the
production of hard and semi-hard raw milk cheese
(Zucali et al. 2014).
Nowadays, there is a growing concern regarding a
healthy way of living, and food has an important role
in it. In this context, the consumer has increasingly
become more aware of food quality including dietary
fat composition. The attention of the scientific com-
munity is not only drawn to the level of saturated
fatty acids (reported on nutritional labels) but also on
the role of different dietary unsaturated fatty acids
on health. In fact, numerous studies have ascertained
the benefits of the conjugated isomers of linoleic
acid (CLA) on the immune function with antilipo-
genic, antidiabetic, antiatherosclerotic and anticarcino-
genic effects (Dilzer and Park 2012). In addition, the
position of the first double bond from the end of the
carbon chain has a recognised physiological import-
ance, as the x-3 family, in comparison to the x-6
family, is very important in protecting against cardio-
vascular diseases (Rizos et al. 2012). Other fatty acids,
which are not members of the unsaturated fatty acid
family, but contribute with them in lowering the
melting point of fat, are the branched chain fatty
acids (BCFA) that are characterised by a methyl group
attached to the second (iso) and third (anteiso) car-
bon atom from the methyl group end. The BCFA are
correlated to gut health (especially of newborns) and
are considered protective against cancer (Ran-Ressler
et al. 2014).
Some studies have proposed integrated models in
order to assess the sustainability of agriculture activity
taking into account multiple factors associated with
production (Meul et al. 2008; M€uller-Lindenlauf et al.
2010). These authors considered, in particular, eco-
logical aspects as biodiversity and environmental
impact, economic (profitability and productivity) and
social aspects including animal welfare and farm man-
agement of milk production. Also in the meat sector a
multidisciplinary approach was tested: in the study of
Castellini et al. (2012) on three different poultry pro-
duction systems, a multicriteria decision analysis was
assessed and four dimensions were considered: eco-
nomic, social, environmental and qualitative. The
multidisciplinary approach has the advantage to con-
sider simultaneously different aspects of the produc-
tion chain, giving the possibility to the farmers to
predict the strengths and weaknesses of the manage-
ment choice.
We set up a novel scoring system for dairy farms
that, using a multidimensional approach, gives infor-
mation on both milk production process (animal wel-
fare, environmental and economic sustainability) and
final product quality (microbiological, nutritional and
nutraceutical quality). The aim of the study was to
test this scoring system on a group of dairy farms
and to identify farm characteristics that can influence
the final scores.
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Materials and methods
Dairy cattle farms
Data and information of twenty-nine dairy cattle farms
were gathered by means of direct on-farm surveys. All
the farms were located in northern Italy and were
members of a factory producing the PDO Italian
cheese Grana Padano. All cows were Italian Holstein
permanently kept indoor, with no access to pasture.
This rearing system is the most commonly used in the
North of Italy. Most of the farms (66%) were free stall
barns with cubicles, 24% were tie stall barns and 10%
were free stall barns with deep litter bedding.
Each farm was evaluated twice, during summer and
during winter, for a total of 56 farm visits (2 visits
were not possible because of technical problems).
Multi-dimensional assessment and scoring system
In order to create an easy-to-use tool for multiple
quality aspects (animal welfare, environmental and
economic sustainability of dairy farms, microbiological,
nutritional and nutraceutical quality of milk), 19 varia-
bles were selected according to their informative char-
acteristics and importance, resulted from previous
studies (Bava et al. 2014; Zucali et al. 2014), and
to their prevalence and variability in the sample
(Figure 1).
Animal welfare and environmental and economic
sustainability defined the quality of the production
process whereas microbiological, nutritional and nutra-
ceutical attributes described the quality of the milk
produced.
Animal welfare
Animal welfare was evaluated on 1296 individual lac-
tating cows using a selection of indicators set up in
the European Project Welfare QualityVR (2009): Body
Condition Score (BCS, three levels), absence of lame-
ness (% of animals), absence of diarrhoea (% of ani-
mals), and absence of claw overgrowth (% of animals).
The number of cows sampled in each farm was deter-
mined on the basis of the current number of lactating
cows on the herd size, following the sampling strategy
recommended in the Welfare QualityVR (2009) protocol
(e.g. all animals for herd size below 30 and, in any
case, never less than 35% of the animals in the herd).
All the assessments were made by trained observers.
For the attribution of the BCS, each animal was
Figure 1. Variables, quality aspects and general index considered in the study.
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observed from behind and from one side. As sug-
gested by Welfare QualityVR (2009) for welfare evalu-
ation purposes, a three level BCS was used, where
0¼ too thin (deep tailhead cavity, spine to tuber coxae
concave, transverse processes sharp, major bone struc-
tures prominent), 1¼ normal and 2¼ too fat (tailhead
filled with fat, spine to tuber coxae convex, transverse
processes invisible, outlines of fat patches visible
under skin). The judgement was based mainly on vis-
ual clues, but palpation of the above-mentioned
regions was helpful for a correct evaluation.
Lameness was evaluated in two different ways,
depending on the farming system. In free stalls, cows
were observed from behind and from one side, while
they were walking on a plain and hard familiar surface.
If the rhythm was regular and the weight of the cow
was equally distributed on the four feet, then the ani-
mal was not lame. In tie-stalls, the cow’s legs were
observed from behind while the cow was standing
and encouraged to move sideways away from the
observer; the observer recorded if the feet were
rotated outwards or inwards, if the cow was resting on
one foot more than on the others, if she was standing
avoiding to bear weight on one foot or on part of one
foot, if she was stepping (continuously shifting weight
from one foot to another) or if she was reluctant to
bear weight on one foot. When the animal was reluc-
tant to bear weight on one foot, or when at least two
of the other indicators were present, the cow was con-
sidered lame.
The presence of diarrhoea was confirmed on the
basis of the presence of soft faeces or faecal soiling
around or under the tail.
Claws were considered normal if they had a plain
supporting surface area, if they were not bent, if they
had the same length, if interdigital space was scarce
or null and if the angle with the ground was not more
than 50. When two or more of these criteria were not
respected, the claw was classified as overgrown.
Data were expressed as the percentage of animals
without welfare problems in each farm.
Environmental and economic sustainability
The environmental impact of milk production in each
dairy farm was evaluated through a detailed ‘‘cradle-
to-farm-gate’’ LCA. Details about the application of the
method were presented in Bava et al. (2014). The sys-
tem boundaries included all the on-farm processes
plus the off-farm activities linked to the production of
external inputs. Inventory data were obtained starting
from personal interviews of farmers. Questions were
addressed to obtain detailed information about
cropping systems and field operations, fuel consump-
tion, number of animals, housing systems, manure
storage and animal rations. Dry matter intake of feed
of dairy cows was calculated from feed ration compos-
ition and the utilisation of CPM-Dairy Ratio Analyser
Beta V3 software. After that, by applying the equations
suggested by Intergovernmental Panel on Climate
Change (IPCC 2006) and European Environment
Agency (EEA 2009), gas emissions were evaluated. The
functional unit was 1 kg of Fat and Protein Corrected
Milk (FPCM; 4.0% of fat and 3.3% of protein content)
obtained with the equation suggested by IDF (2015):
FPCM¼ Production (kg/year) x [0.1226 x fat %þ 0.0776
x crude protein %þ 0.2534]. The environmental impact
was obtained, using the software SIMAPRO (PRe
Consultants 2014), and the categories chosen were:
Global Warming Potential (GWP) expressed as kg CO2
eq/kg FPCM; acidification (g SO2-eq/kg FPCM),
eutrophication (g PO4
3-eq/kg FPCM), energy use, (MJ/
kg FPCM) and land use (m2/kg FPCM) performed with
the EPD 1.03 method, updated with IPCC (2007) GWP
conversion factors (100-year time horizon).
To estimate farm economic sustainability, gross
margin and income over feed cost (IOFC) were calcu-
lated as suggested by Bava et al. (2014). Gross margin
was calculated as total receipts minus the direct pro-
duction costs; the IOFC was the income from milk
minus feeding costs (self-produced and purchased
feed) per cow per day.
Microbiological and nutritional quality
Bulk milk was sampled from the tank, transported to
the laboratory under refrigeration (4 C) and submitted
to microbiological analyses within 12 h from collection.
Standard Plate Count (SPC) was determined on
each sample according to ISO method (ISO 2003).
Coliforms were counted with Petrifilm Coliform/
Escherichia coli Count Plates (3M, Minneapolis, MN)
incubated for 24 h at 30 C, lactic acid bacteria (LAB)
on MRS agar (Biolife, Milan, Italy) incubated for 72 h at
30 C under anaerobic conditions (Anaerocult A, Merck
Millipore, Darmstadt, Germany). Anaerobic spore for-
mers content was obtained throughout the Most
Probable Number (MPN). MPN enumeration was per-
formed with three 10-fold dilutions with three tubes at
each dilution calculating results according to ISO
(2007). The culture medium used for MPN was pre-
pared with reconstituted skimmed milk (10% wt/v)
supplemented with a solution of yeast extract (1.0%),
sodium lactate (3.36%), sodium acetate (1.0%), cysteine
(0.2%) with vaseline/paraffin (1:1, wt/wt) seals. The
heat treatment applied to the inoculated milk medium
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was 80 C for 10min. The incubation period was 7
days at 37 C. Tubes exhibiting abundant gas forma-
tion were scored positive.
Proximate analysis of milk (protein, fat, lactose and
casein) were performed by the Lombardy Regional
Breeders Association (ARAL) laboratory with the
MilkoscanTM FT 6500 Plus instrument (Foss, Hillerød,
Denmark).
Nutraceutical quality
The nutraceutical evaluation of milk was based on
fatty acid composition. Lipids, and the relative fatty
acid methyl esters, were obtained as described by De
Noni and Battelli (2008), whereas the separation was
performed on a CP Sil 88 column (100 m x 0.25mm i.
d., x 0.20 lm film thickness) using an Agilent 6890 gas
chromatograph (Agilent, Santa Clara, CA) fitted with
an on-column injector and a flame ionisation detector
held at 280 C. Hydrogen (0.5ml/min) was used as the
carrier gas. The oven was programmed as follows: ini-
tial temperature at 50 C for 4min, ramp to 120 C
at 10 C/min, held for 1min; then ramp to 170 C at
5 C/min, and held for 40min; then ramp to 220 C at
4 C/min and held for 25.50min (total time:100min).
Instrument control, data collection, and data analysis
were performed using Empower software (Waters
Corporation, Milford, MA). The results were calculated
as percentages of each fatty acid out of total fatty
acids. The fatty acid composition ranged from C4
to C21 carbon number chain (linear/branched, satu-
rated/unsaturated, cis/trans, and x-9/x-6/x-3). The
parameters used for the nutraceutical evaluation
were: CLA (C18:2 cis9-trans11); sum of iso BCFA
(iC14:0þ iC15:0þ iC16:0þ iC17þ iC18:0); x6: x3 ratio
(C18:2n-6cis/C18:3n-3cis).
Scoring system
For each variable, interquartile ranges were calculated.
The 25% best performing farms for each quality vari-
able received the score 3, while the 25% worst per-
forming farms were set to a score of 1; all the other
farms were scored 2. An example of a rescaled variable
is showed in Figure 2. From the average of the scored
variables, 6 quality aspects were calculated (Figure 1).
The 6 quality aspects were then further summarised
into two general indices: (A) process quality (based on
three quality aspects: animal welfare, environmental
and economic sustainability), and (B) product quality
(based on the other three quality aspects: nutritional,
nutraceutical and microbiological quality). Each general
index was scored in three levels, separately for each
farm visit: excellent (E), medium (M), ordinary (O). If
the three quality aspects were higher than the average
of the sample at the same time, the farm visit was
assigned to level E; if none of the three quality aspects
was above the average, the farm visit was assigned to
level O; in all other cases, it was assigned to M.
Statistical analyses
In order to make the indices useful for the improve-
ment of both farm management and the quality of
process and product, a GLM (SAS 2004) analysis with
two fixed factors was performed to compare the
Figure 2. Frequency distribution of CLA variable and identification of percentiles for the allocation to the 3-level rescaled variable.
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characteristics of the excellent, the medium and the
ordinary observations. The model was:
Yijkl ¼ m þ Ai þ Bj þ Sk þ eijkl
where Y¼dependent variable (Farm land (ha), Arable
land (ha), Lactating cows (n), Livestock Unit (LU),
Stocking density (LU/ha), Replacement rate (%), Milk
production (kg FPCM/cow day), Feed intake (kg DMI
cow/day), Dairy efficiency (kg FPCM/kg DMI), Forage/
concentrate, Maize silage intake (%), Hay intake (%),
Feed self-sufficiency (%)); m¼ general mean; A¼ effect
of process quality index level (i¼ excellent, medium,
ordinary); B¼ effect of product quality index level
(j¼ excellent, medium, ordinary); S¼ effect of season
(k¼ 1,2); eijkl¼ residual error.
Estimated means were obtained from a single
model run. The interaction between A and B was ini-
tially included in the model but, as it was not signifi-
cant, it was not included in the final model.
Livestock Unit (LU) was calculated for each farm fol-
lowing the coefficient proposed by DEFRA (2010),
while dairy efficiency (kg FPCM/kg DMI) was calculated
for the lactating cows.
Results and discussion
The farms involved in the study (Table 1) were charac-
terised by larger dimension, higher stocking density
and higher milk production compared to average
Italian data (AIA 2014). At the same time a large vari-
ability could be observed in particular for farm land
and arable land: in the sample there were farms that
did not have arable land utilised for annual crops,
because all hectares were permanent pasture destined
to hay production and, consecutively, no silages were
included in the cows’ diet. Also stocking density
showed a high variability, revealing a different inten-
sity level of the farms involved in the study. The aver-
age percentages of maize silage and hay intake are
similar to what is commonly reported in North-Italian
dairy farms.
The low feed self-sufficiency, showed by the mean
value, was linked to the intensity level of the farming
system characterised by high stocking density.
Thresholds of multi-dimensional assessment
In order to evaluate a product or a process, it is neces-
sary to know the real values in the population and
establish reachable thresholds. Table 2 shows the
mean values of the variables and percentiles used to
define the multi-dimensional scoring system.
The overall welfare situation in the visited farms
was good, with a high percentage of animals in nor-
mal body conditions and that did not present diar-
rhoea. The average percentage of lame cows was only
10.5%, which is very close to the threshold (10%) sug-
gested by EFSA (2009) and considerably lower than
the percentage of about 50% observed in Italian
mountain dairy farms by Battini et al. (2010) using the
same scoring system. This is a good result, if we con-
sider that cows were of Holstein genetic background
(that seems to be one of the more susceptible breeds
to this problem; Mattiello et al. 2011) and that they
never had access to pasture (which is known to have
a positive effect on the reduction of the incidence of
lameness; Bielfeldt et al. 2005; Mattiello et al. 2005;
Battini et al. 2010). Due to the low incidence of lame-
ness, the benchmark values for this variable were set
at very high standards (e.g. 99%); this means that even
farms with minor lameness problems (below the 10%
suggested threshold) would not fulfil the requirements
for this variable. This is probably the main reason why
only 3.5% of the farms reached the best score for the
animal welfare index. The main welfare problem in the
visited farms seems to be related to the presence of a
relatively high percentage of cows with overgrown
claws. This percentage was about three times higher
than that recorded in a survey in North-Eastern Italian
farms (Mattiello et al. 2009).
About the environmental impact aspects, the values
of GWP reported are similar to what was found in a
previous study in the same region by Guerci et al.
(2013) in intensive dairy farms, while the same authors
found values of acidification and eutrophication higher
than those reported in this study; this result is due to
Table 1. Average characteristics of the farms involved in the
study.
Variable Total CV Min Max
Observations, n 56
Farm land, ha 39.6 69.9 8 130
Arable land, % 50.9 50.4 0 100
Lactating cows, n 78.6 61.1 15 180
LUa 151 62.6 25.7 338
Stocking density, LU/ha 4.17 62.4 1.97 15.8
Replacement rate, % 44.8 17.9 15.1 57.7
Milk production, kg FPCMb/cow day 27.0 16.5 15.8 37.5
Feed intake, kg of DMIc 20.9 10.6 14.1 26.3
Dairy efficiencyd, kg FPCM/kg DMI 1.29 14.4 0.60 1.64
Forage intake, % 59.8 16.2 41.0 86.5
Forage/concentrate 1.73 65.8 0.70 6.39
Maize silage intake, % 30.9 38.2 0 47.4
Hay intake, % 20.3 61.7 0 46.6
Feed self-sufficiencye, % 65.9 25.7 25.5 100
aLU: livestock unit, DEFRA 2010).
bFPCM: fat and protein corrected milk (4.0% of fat and 3.3% of protein
content).
cDMI: dry matter intake.
dDairy efficiency: calculated on lactating cows.
eFeed self-sufficiency is calculated as the ratio between the dry matter
(DM) produced on farm and the total DM needed to feed animals.
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the different kind of farms included in the present
study: some were intensive farms, with large use of
fertilisers and high stocking density (LU/ha of land),
some used small amounts of fertiliser and the number
of animals per hectare was limited. Land use and
eutrophication resulted higher than the findings of
Meul et al. (2014). The benchmark values (25th per-
centile) of all the impacts, except for land use, resulted
higher than what O’Brien et al. (2012) found as values
of environmental impact in confined dairy systems;
this suggests that the goal values are reachable in a
dairy farm production system.
The microbiological data indicate that the milk pro-
duced was of good quality, highlighting that herds
and milking hygiene were well controlled; neverthe-
less, high variation between samples was observed
mainly due to the different cow and environmental
hygienic conditions in the different farms (Zucali et al.
2011).
The mean value of SPC, that provides an estimate
of the total number of aerobic bacteria present in raw
milk, was 4.88 ± 0.82 Log10 cfu/mL. It is well known
that SPC is strictly related to sanitary conditions, clean-
ing and sanitisation of milking equipment and cooling
of milk (Bava et al. 2011), and that microbial aptitude
of milk to processing is strongly influenced by specific
groups of organisms.
Coliforms average content, which is known to be
linked to cow hygiene and cow environment
and efficacy of milking equipment sanitisation
(Zucali et al. 2011), was 2.65 ± 1.43 Log10 cfu/mL and
the 25th percentile was defined by a content of
1.78 Log10 cfu/mL.
The average content of LAB, expressed as percent-
age of SPC, was 83.4%, with a considerable variation
among herds. The different LAB content could be
related to a different stable environment, but also to a
different cow hygiene since teat surface was demon-
strated to be the main source of useful cheese-making
bacteria (Vacheyrou et al. 2011). Since it is well docu-
mented that non starter lactic acid bacteria originating
from raw milk are the main trait linked to the typical-
ity of cheeses (Beresford et al. 2001; Moreno et al.
2006), a high LAB content represents a primary goal of
milk destined to raw milk cheese making.
Anaerobic spore forming bacteria were further con-
sidered in the proposed scoring model because late
blowing, caused by the outgrowth of clostridial spores
present in raw milk, can create considerable product
losses, especially in the production of hard and semi-
hard cheeses such as Grana Padano and Parmigiano
Reggiano.
The average count of anaerobic spore forming bac-
teria was 2.23 Log10 MPN/L with a level of 1.90 Log10
MPN/L delimiting the lowest contaminated milk sam-
ples within the 25th percentile. The defined level can
be considered effective in preventing late blowing
since the minimum level at which some authors
reported the problem was with a value of 100 MPN/L
(Borreani and Tabacco 2008).
Table 2. Mean values and percentile of the variables chosen to define quality aspects.
Variable Unit Mean Std. dev 25th percentiled 50th percentile 75th percentilee
Process quality
Absence of diarrhoea % of animals 97.5 3.05 94.9 100 100
Absence of lameness % of animals 89.5 12.7 86.6 93.7 100
Normal body condition score % of animals 96.4 8.54 97.6 100 100
Absence of claw overgrowth % of animals 62.2 18.3 50.0 63.6 72.2
GWP kg CO2-eq 1.29 0.25 1.15 1.24 1.40
Acidificationa g SO2-eq 15.7 3.89 13.5 16.1 18.6
Eutrophicationa g PO4-eq 7.58 1.68 6.14 7.74 8.97
Energy usea MJ 5.68 1.32 4.94 5.61 6.30
Land usea m2 1.28 0.47 0.88 1.12 1.60
IOFCb e/cow day 6.48 1.57 5.49 6.45 7.39
Gross margin e/cow day 5.01 1.96 3.56 4.96 6.55
Product quality
Coliforms Log10 cfu/mL 2.65 1.43 1.78 2.27 3.33
Lactic acid bacteria/standard plate count % 83.4 13.0 76.2 85.4 94.5
Anaerobic spore forming bacteria Log10 MPN/L 2.23 0.65 1.90 2.15 2.59
Protein % 3.44 0.14 3.37 3.44 3.52
Fat % 3.95 0.16 3.84 3.94 4.06
CLA % total FAc 0.39 0.07 0.33 0.37 0.44
Branched chain fatty acids % total FAc 1.84 0.27 1.65 1.80 1.97
x6/x3 fatty acids 4.48 1.32 3.43 4.47 5.20
aThe environmental impact categories are expressed for 1 kg of FPCM.
bIOFC: Income over feed cost.
cFA: Fatty Acids.
d,eChosen thresholds to defined the score for each variable.
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As for the nutraceutical characteristics of milk sam-
ples, CLA levels found in this work were lower than
those recorded by other authors in the same area for
conventional farms (Bergamo et al. 2003, Prandini
et al. 2009), also in the 75th percentile, whereas the
x-6/x-3 ratio is more favourable than that recorded by
Prandini et al. (2009).
Regarding BCFA, the values recorded in the present
study were higher than those from a previous study in
the same area (1.1% of total FA for farms with low for-
age:concentrate ratio, 1.4 for farms with high forage:
concentrate ratio and 2.3 in the summer grazing
period) (Battelli and De Noni, 2009), and lower than
those reported by Ferlay et al. (2008) (65% concentrate
gave 1.94, while 35% concentrate gave 2.23% of BCFA
out of total FA) in Haute Loire Department, a semi-
mountain area. As all the farms were located in a plain
area, the feeding was quite conventional, and there
was no transhumance to the mountain during sum-
mer, the levels of CLA, and x-3 FA remained quite con-
stant throughout the year.
Process and product quality evaluation
In order to deeply examine the relation between pro-
cess and product quality and farm characteristics, the
excellent (E), medium (M) and ordinary (O) farm visits
were identified. The excellent farm visits (n¼ 15) in
terms of process quality index showed the highest
milk production and the highest capacity of transform-
ation of the feed in milk (dairy efficiency; kg FPCM/kg
DMI); the values are significantly different from the
results achieved by others groups (medium and ordin-
ary) (Table 3). This confirms the important relation
between dairy efficiency and process aspects as
environmental (Kristensen et al. 2011) and economic
sustainability.
Among the 56 farm visits only 12 (21.4%) were
excellent for product quality index (Table 4), while
most of them (40; 71.4%) had a medium quality. The
excellent observations were characterised by signifi-
cantly (P< .1) lower farm land compared to the others.
The number of lactating cows was slightly lower, even
if not significantly, in the excellent farms (P¼ .168).
This suggests that reaching a high product quality
index is easier in dairy farms of smaller size, probably
due to the more efficient control of factors that could
improve milk quality. In particular, the cows of these
farms were fed with diet with higher forage/concen-
trate ratio that can concur to increase the level of
branched chain fatty acids (Vlaeminck et al. 2005) and
reduce the level of linoleic acid, and consequently the
x6/x3 ratio (Sterk et al. 2011).
The lack of significant effects is probably due to the
fact that product quality may change also depending
on farmer choices and management aspects not
included in this study (as, for example, milking proce-
dures or cow cleanliness).
Example of application of scoring system
In order to understand how the modification of a sin-
gle farm management factor can affect the different
process and product quality indices, the evaluating
scheme was applied to the farms grouped based on
different criteria. Considering that dairy efficiency is a
variable that significantly affected the process quality
index (Excellent observation for environmental impact,
economic status and animal welfare; Table 3), it is use-
ful to analyse how the modification of this variable
Table 3. Process quality index level (excellent, medium and ordinary): average characteristics of the observations.
Variable Excellent (E) Medium (M) Ordinary (O) SE P
Observations, n 15 35 6
Farm land, ha 45.1 36.8 31.1 14.2 .524
Arable land, % 51.2 53.3 49.9 14.0 .941
Lactating cows, n 90.6 73.5 83.1 25.0 .531
LU 173 142 169 49.0 .499
Stocking density, LUc/ha 3.89 4.22 6.30 1.37 .169
Replacement rate, % 46.4 43.4 46.1 4.28 .453
Milk production, kg FPCMd/cow day 30.6a 25.8b 23.2b 2.08 .001
Feed intake, kg of DMIe 22.0 21.2 20.1 1.15 .234
Dairy efficiency, kg FPCM/kg DMI 1.41a 1.22b 1.16b 0.09 .003
Forage/concentrate 1.39 1.92 1.11 0.59 .144
Maize silage intake, % 35.7 32.5 22.7 5.83 .075
Hay intake, % 17.6 23.7 19.3 6.45 .277
Feed self-sufficiencyf, % 65.6 68.2 54.5 8.69 .189
a,bAt different superscript letters correspond different means at p< .01; estimated means were obtained from a single model run.
cLU: livestock unit (DEFRA 2010).
dFPCM: fat and protein corrected milk (4.0% of fat and 3.3% of protein content).
eDMI: dry matter intake.
fFeed self-sufficiency is calculated as the ratio between the dry matter (DM) produced on farm and the total DM needed to feed
animals.
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affects all the six quality aspects included in the scor-
ing system (Figure 3). Highly efficient farms had, as
expected, the best indices for environmental and
economic aspects, because they had the highest milk
production using less feed resources; the production
of feed, locally or globally, has an environmental and
economic load. Maximising the animal efficiency
allows to reduce feed production and purchasing for
kg of product; it is well known (Gerber et al. 2013)
that the production of animal feed is one of the main
contributor (about 45%) to the environmental impact
of animal products, in particular, for GWP impact cat-
egory. The efficient farms (>1.4 kg FPCM/kg DMI) had
also the best scores for microbiological and nutritional
quality; this suggests an accurate farm management,
in terms of barn and milking hygiene, which positively
influenced microbiological quality. The high nutritional
quality index could be determined by a balanced
ration for lactating cows and by careful genetic
choices.
This suggests also that the attention to environmen-
tal sustainability is not just an additional load for the
farmers, since an optimal farm management allows to
achieve both environmental and production efficiency.
The high amount of hay inclusion in cow ration
affected, although not significantly, the product quality
index (Excellent observations for nutritional, nutraceut-
ical and microbiological quality) (Table 4). Thus, classify-
ing the observations on the basis of the percentage of
hay in the lactating cows’ ration (% of DMI), it is pos-
sible to notice some differences in the values of the six
quality aspects (Figure 4). Looking at the single index
value can give important information rather than con-
sidering only the product/process quality index.
When more than 40% of hay was included in the
diet of lactating cows, nutraceutical quality and animal
Table 4. Product quality index level (excellent, medium and ordinary): average characteristics of the observations.
Variable Excellent (E) Medium (M) Ordinary (O) SE P
Observations, n 12 40 4
Farm land, ha 22.5b 42.8a 47.7a 14.2 .083
Arable land, % 49.1 50.1 55.7 14.0 .910
Lactating cows, n 58.6 89.9 102 25.0 .168
LU 115 168 204 49.0 .175
Stocking density, LUc/ha 4.99 4.47 4.94 1.37 .823
Replacement rate, % 44.6 46.0 45.3 4.28 .889
Milk production, kg FPCMd/cow day 27.5 26.6 25.6 2.08 .682
Feed intake, kg of DMIe 21.0 20.5 21.7 1.15 .494
Dairy efficiency, kg FPCM/kg DMI 1.29 1.30 1.19 0.09 .500
Forage/concentrate 1.66 1.48 1.28 0.59 .821
Maize silage intake, % 26.3 29.0 35.5 5.83 .374
Hay intake, % 25.0 17.0 18.6 6.45 .182
Feed self-sufficiencyf, % 56.3 64.1 67.8 8.69 .324
a,bAt different superscript letters correspond different means at p< 0.1; estimated means were obtained from a single model run.
cLU: livestock unit (DEFRA 2010).
dFPCM: fat and protein corrected milk (4.0% of fat and 3.3% of protein content).
eDMI: dry matter intake.
fFeed self-sufficiency is calculated as the ratio between the dry matter (DM) produced on farm and the total DM needed to feed
animals.
Figure 3. Farm quality evaluation on the basis of dairy effi-
ciency (kg FPCM/kg DMI).
Figure 4. Quality evaluation on the basis of the percentage of
hay in the lactating cows’ ration (% of DMI).
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welfare indices were the highest, but economic sus-
tainability and microbiological indices were the worst.
This suggests that including a high percentage of hay
in the diet needs to be carefully evaluated from an
economic point of view, because it may lower milk
production and compromise the gross margin for the
farmer. On the other hand, high quantity of hay in the
ration gave good results in terms of nutraceutical
value of milk: in fact, as mentioned above, CLA, BCFA
and x-3 FA are highly dependent on feed choices, as
hay inclusion can promote the synthesis of these FA.
Animal welfare index was higher in the farms that
included a higher proportion of hay in the diet. This
result can be explained by the lower percentage of
animals with diarrhoea and the lower percentage of
animals with lameness recorded in farms with a higher
proportion of hay in the diet. In fact, it is well known
that an increase of forage, and in particular hay, in the
cows ration can indirectly influence the onset of prob-
lems as diarrhoea and lameness: these problems can
be indirectly influenced by the ration and a high pro-
portion of forage in the diet can limit their onset
(Calamari et al. 2007; Lean et al. 2013).
Conclusions
This study proposes a new concept of quality evalu-
ation based, at the same time, on nutritional, microbio-
logical, nutraceutical, environmental, animal welfare
and economic aspects. The proposed quality scheme,
applied to milk production at farm level, includes some
variables that are easy to measure by the farmer after
training (for example animal welfare or economic varia-
bles), others that could be obtained from routine milk
analysis (for example, from breeder associations or dairy
companies), and others that are more complex and
require specific analyses (nutraceutical quality of milk
and environmental sustainability of milk production).
The relation among farm characteristics and quality
variables integrated in the quality scheme confirms
the importance to maximise dairy efficiency in order
to improve environmental and economic sustainability
of the farms. Moreover the inclusion of hay in dairy
cows’ ration can be beneficial for the nutraceutical
and nutritional quality of milk.
In our study, the reference population was based
only on 29 farms: therefore, this does not assume to
represent a complete situation, but it can be used as a
starting point for applying the proposed methodology.
The average values of the variables showed that the
farms reached a good level of management and milk
quality and the benchmark values proposed could be
easily reachable in many other intensive dairy farms,
located in the same geographical area. If this assess-
ment scheme would be adopted, these benchmark val-
ues may be continuously updated with new inputs,
generating a reference population that is more repre-
sentative of the actual situation of dairy farms. The
scored variables were combined in a farm scoring sys-
tem. The tool strength is given by the possibility to
associate different aspects of farm management and
milk quality.
The beneficiaries of the tool may be many. First of
all, farmers can use the proposed quality scheme as
a practical tool for comparing their own farm per-
formance with other farms and supporting decisions
in order to improve the quality of the product and
the process. Moreover the tool may help farmers to
increase the monetary value of their activity through
a more careful evaluation of costs and benefits. A
label on milk highlighting these aspects may help
farmers to increase the monetary value of their prod-
ucts underlining the quality of both product and
process.
Another beneficiary can be the company that pro-
duces and commercialises milk or cheese, as it can
evaluate and give a prize to the best farms which pro-
duce the raw milk with the best indices. Consumers
can be the last beneficiaries of the proposed tool,
which, properly simplified, could be a quality brand for
dairy products: this new brand could certify the whole
process and not only the nutritional characteristics of
the product.
In conclusion, the advantage of the proposed qual-
ity scheme is the possibility to consider different
aspects of milk production taking into account both
the quality of the product and the quality of the pro-
cess. The limit of this scheme is that it does not con-
sider other broader aspects as ecological and social
sustainability of milk production. These aspects might
be integrated in the scheme in further studies.
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